Objective -To study whether ambient air levels of sulphur dioxide (SO2), nitrogen dioxide (NO2), total suspended particulates (TSP), and ozone (03) levels in 15-64 year olds and among those older than 64. Significant associations were also seen between admissions for digestive tract diseases (the control) and O3 levels. This suggests that the modelling, which proved to be problematic, was unsatisfactory, or it may be a statistical coincidence. A rise in temperature was associated with a low number of admissions for asthma among 0-14 year olds and among 15-64 year olds, whereas humidity did not have a significant effect on the number of admissions. Conclusions -It is possible than even low level pollution may increase hospital admissions for asthma. However, definitive conclusions will be justified only after meta-analysis comprising several studies. The methodology was seen to have a strong effect on the results and standardised methods, possibly differing from those for the study concerning mortality, are needed to investigate the association between morbidity and ambient air pollutants.
the different seasons. Values are means for various stations. The daily mean temperature during the three year period was + 5 4°C (range -37-27°C). Main results -Positive associations with admissions were observed for O3 levels in all children under 14 years, and for SO2 levels in 15-64 year olds and among those older than 64. Significant associations were also seen between admissions for digestive tract diseases (the control) and O3 levels. This suggests that the modelling, which proved to be problematic, was unsatisfactory, or it may be a statistical coincidence. A rise in temperature was associated with a low number of admissions for asthma among 0-14 year olds and among 15-64 year olds, whereas humidity did not have a significant effect on the number of admissions. Conclusions -It is possible than even low level pollution may increase hospital admissions for asthma. However, definitive conclusions will be justified only after meta-analysis comprising several studies. The methodology was seen to have a strong effect on the results and standardised methods, possibly differing from those for the study concerning mortality, are needed to investigate the association between morbidity and ambient air pollutants.
(J Epidemiol Comm Health 1996;50:(Supp 1)S59-S62) Many attempts were made to reduce the number of uninterpretable results. Firstly, uniform selection criteria for transformations were selected for different age groups, and the effects ofthe sinusoidals and differences between years were studied. The time plots showed that the seasonal patterns changed from year to year. Also, it seemed clear from both the plots and the exploratory STL (Seasonal and trend decomposition using Loess) 6 that the weekly patterns change with time. These patterns were modelled in many different ways, but no clear answer was found.
The number of sinusoidal terms was originally restricted to six, but up to 19 were tried. Different sinusoidal terms for each year were also tried, without success. Better adjustments were found by using different trends and especially different weekly dummies for each year. Although the STL decomposition suggested that the trend would differ between the days, this was found difficult to model using standard regression methodology. On including more sinusoidal terms, the results became more reasonable, and the opposite was also true. This could mean that there were some exceptional periods (heatwaves, etc) that the model was not able to take into account. However, the task of finding such periods proved impossible.
Another set of difficulties was encountered when determining the proper transformations for the pollutants. The data were rather kurtotic -that is, most of the values did not differ much from the mean, whereas there were some very extreme values. These extremes tended to dominate the fit if no transformations were used. In addition, the time plots seemed rather nonstationary. Logarithmic transformation was therefore used. In future, generalised additive models'7 in addition to the STL seem to be an attractive way of avoiding such problems.
Lags of 0, 1, and 2 days and cumulative lags of up to 3 days were tried for the effects of all pollutants. For those of 03, cumulative lags up to 5 days were tried. The lags for untransformed values of temperature and humidity were chosen from lags of 0, 1, and 2 days, and from the averages of lag 0 and 1, and of lag 0, 1, and 2 days. The lags for influenza epidemics were chosen from lag 0 to 15 days.
Results

NUMBER OF ADMISSIONS
There were altogether 2421 admissions to hospital for asthma during the three year periodthat is, an average of 2-21 admissions daily (table 1) . The time plots of residuals of the regression analyses were checked after inclusion of intercept, trend, season, sinusoidal terms, influenza epidemics, day of week, holidays, and temperature and relative humidity.
In the final Poisson models, short term cycles and the effect of weekdays were seen in all the groups studied: among emergency admissions for asthma in the various age groups and among emergency admissions for digestive system disorders.
A rise in temperature was associated with a low number of admissions due to asthma among those aged 0-14 years and among 15-64 year olds, whereas humidity did not have a significant effect on the number of admissions.
AUTOCORRELATION AND DESCRIPTIVE STATISTICS
The control of autocorrelation was checked by using the residual diagnostic plots of the Poisson regressions and with the periodograms. The autocorrelation and partial autocorrelation functions of the series included approximate 95% confidence intervals defined as + 2/n-ag = + 0-06.
RELATION OF AIR POLLUTANTS TO ADMISSIONS
A summary of the significant associations is presented in table 3. Admissions for asthma among 0-14 year olds were related to the 8 h 03 levels, and those among 15-64 year olds and >64 year olds to the 24 h SO2 levels.
Admissions for digestive tract disorders, which were used as a control, were significantly associated with 8 h 03 levels, but not with other pollutants, temperature, or humidity.
Discussion
The modelling was problematic. In the first attempts, over correction for cyclicity and under correction for autocorrelation were made. Therefore, the number of sinusoidal terms was restricted from nine to six (but up to 19 were tried). Various transformations of pollution variables were tried; and finally logarithmic values were used.
The difficulties of the analysis suggest that the method of analysis may be unsatisfactory. The model was first used for analysing associations between air pollution and mortality.'4 It is possible that the patterns of cyclical variation found in data for mortality and hospital admission may be different, a phenomenon that might be explained by the epidemiology associated with these outcome variables.
The results obtained here differ from those of an earlier analysis of the same data with a different methodology.9 In the earlier analysis, linear regression was used and the effect of cold was controlled with a less sophisticated method. With these methods, significant associations were observed between hospital admissions for asthma and the levels of SO2, NO2, 03 and TSP. 9 In the present study, not only average values of pollutants measured at different stations, but also the measurements at the station with the highest values were used first in the analysis. The results of these analyses were in part illogical, showing that these measurements do not sufficiently reflect the exposure ofthe population to pollutants.
Hospital admissions for digestive tract disorders were significantly associated with the 8 h 03 levels at the only station. There are two possible explanations for this illogical finding. Firstly, the modelling may be defective; if so, the association between 03 levels and admissions due to asthma among 0-14 year olds should also to be interpreted with caution.
Alternatively, the apparent correlation may be a statistical coincidence.
The mean daily S02 values measured in Helsinki were lower than the maximum value recommended by the World Health Organization -125 pg/m3. 8 The daily guideline was not exceeded. However, a significant association was seen between daily S02 concentrations and the daily counts of emergency room admissions among the 15-64 year old patients and among those over 64 years old. However, this association was not observed among children. The inconsistency of the findings may suggest that there is no real effect. The other possibility is that there is a relation group.bmj.com on June 22, 2017 -Published by http://jech.bmj.com/ Downloaded from between the number of patients admitted for asthma and the presence of SO2 at lower concentrations than previously believed harmful or than are listed in the guidelines given in many countries and by the World Health Organization. The previous study from Helsinki suggested the same among patients with chronic bronchitis. 5 Although our results, using the uniform methodology of the APHEA project, suggest that even low level pollution may increase hospital admissions for asthma, no definitive conclusion can be drawn from the results without meta-analysis. The effect of methodology was seen to have a strong effect on the results and new standardised methods, possibly different from those for the study on mortality, should be developed to investigate the associations between ambient air pollutants and morbidity.
